The study of the natural transmission of immunity from parent to offspring is an old one, and many reports have appeared in the literature describing the occurrence of this phenomenon and indicating the routes by which it takes place. Of these, relatively few have been concerned with the transmission of active immunity against the protozoan parasites. Schilling (15) , indicated the transfer of immunity against Trypanosoma orucei and Trypanosoma congolense. Minning (11) , on the other hand, found no evidence for the transmission of immunity against Trypanosoma lewisi from mother rats to their offspring. That such a transmission does occur, however, is conclusively demonstrated in the evidence presented by Culbertson (5a) who also showed that the protective antibodies are transmitted in part by way of the placenta and to a greater extent, by way of the milk. Collier (2) reported that actively immune mother mice do not pass on to their offspring any immunity against Trypanosoma cruzi, although the present report proposes to demonstrate that immunity against this parasite is transferred from mother rats to their young.
The rat appears to be an ideal laboratory animal for a study of the natural transmission of immunity from mother animals to their offspring for it breeds freely in the laboratory and produces large litters after a gestation period of 21 days. It also shares with the guinea pig, rabbit, cat, mouse, primates, and man the hemochorial type of placenta. The rat, moreover, is susceptible to infection with Trypanosoma cruzi, the etiologieal agent of Chagas' disease of the human being. In this animal the experimental infection parallels closely that described in man. Apparent recovery from this infection is followed, in the rat, by an immunity which renders this animal completely insusceptible to re-infection for a considerable period of time.
The infection with Trypanosoma cruzi in the rat, as in man, is characterized by both vascular and somatic phases. In the rat the peripheral blood stream invasion occurs after a brief prepatent period of 3 to 10 days, depending upon the age of the animal. After their appearance in the peripheral blood, the parasites continue to increase in number until, in young rats up to 20 days of age, about 1000 parasites can be counted in fifty high-dry fields of the microscope on the fifteenth to twentieth day after infection. At this time the animals appear very ill, with a typical symptomatology, and usually die (6) . As the animals grow older they acquire a nonspecific type of resistance to infec-Sec. C tion with this parasite. In the older animals (30 to 40 days), the blood stream invasion is less intense and, after an initial period of proliferation, the parasites gradually disappear from the peripheral blood. The majority of animals usually survive. This nonspecific resistance first appears in animals about 30 days of age (shortly after weaning), increases progressively, and reaches its maximum at sexual maturity (65 to 75 days). It does not decrease with senescence (10a).
The somatic phase of Trypanosoma cruzi infection is characterized by an infection of practically all organs and many tissues of the body (3) . Persistence of the somatic phase in the chronic state has been described in man by several workers (17) , and in the dog by Johnson (9) . A similar somatic phase is found in the rat, the histopathology of the focal lesions simulating quite closely (Kolodny, unpublished) those already described for the dog (9) , man (4a, 17) , and the natural reservoir of the disease, the armadillo (4b).
As suggested earlier, rats which have recovered from an infection with Trypanosoma cruzi are wholly insusceptible to re-infection with this parasite for a period of at least 3 months. Moreover, the sera of recovered animals contain specific antibodies which can confer protection upon normal rats upon injection into these animals (6) . This investigation was designed to study the transmission of these protective antibodies from actively immune mother rats to their offspring, the routes of transmission, and other relevant phenomena incident to the transfer and the manifestation of the immunity so conferred upon the young.
METHODS AND MATERIALS
The materials used in these experiments are essentially the same as those employed in several previous investigations and have already been described in detail (10a) . Similarly, the methods and dosages employed in these experiments are those described in previous papers.
In this investigation active immunity of the mother rats was produced by recovery from the infection. Recovered rats were mated at appropriate intervals, and in no case was pregnancy started before recovery was apparently complete. Any immunity transmitted to the young was, therefore, a passive immunity. In all experiments, except those specifically designed to test the degree of immunity in small litters, large litters of eight to twelve young were used.
Since the author has described a seasonal variation in the intensity of infection with this parasite in young rats (10b), all experiments described in this report have been performed during the winter months when the intensity of the infection in the younger animals has been greatest, the susceptibility of the host constant, and the virulence of the parasite uniform.
RESULTS

Immunity against Trypanosoma cruzi in the offspring of actively immunized mother rats
A. Demonstration of the transfer of immunity from mother to offspring. In this experiment two mature females 80 days of age (no. 198 and no. 221), after having apparently recovered from infections produced 40 days prior to this time, were mated. The young produced by these mothers were infected at 10, 15 or 20 days of age (table 1) . These young were found to be partially resistant, suffering only relatively low grade infections. All animals survived. Normal young infected at the same times suf- fered typically intense infections which in all four cases ended fatally.
In order to determine the comparative resistance of young rats born before and after recovery of the mother, the following experiment was performed. A normal litter of normal mother rat 215 was infected at 10 or 15 days of age, and found to be wholly susceptible to infection (litter 215a). Soon after weaning this first litter, the mother (215) was infected. She suffered a mild, symptomless infection similar to that typically seen in mature rats (10a) . Six days after apparent recovery, the animal was mated. The litter born of this mating (215b) was similarly infected at 10 or 15 days of age. Of this litter of 10 young, nine suffered low grade infections and survived; one (no. 8) succumbed (table 2) .
These data, therefore, indicate that the protective substances produced in animals as a result of infection are transferred from the immune mother rats to their young. In no case, however, is the protection so conferred upon the young complete. 
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• a * Persistence o/ the immunity against Trypanosoma cruzi conferred upon the young by recovered mothers. This experiment was designed to study the duration of the immunity against Trypanosoma cruzi transferred by an actively immune mother to her young. It is not possible to test the young at varying intervals after weaning since at about this time (30 days) there begins to develop, as previously pointed out, a nonspecific resistance against this parasite. This resistance develops rapidly and progressively, so that at 20 days after weaning (about 45 days of age) the rat is already relatively resistant to infection, suffering at most a very low grade infection, less intense even than that seen in the young of immune mothers. Accordingly, it was necessary to remove the young from the immune mothers at about 10 days of age, and to place them for varying intervals to nurse upon normal foster mothers. The interval between this exchange and the time of infection thereby represents an essentially normal period, and any immunity noted after this period must therefore indicate the persistence of that immunity acquired either by way of the placenta or through the colostrum and milk of the immune mother.
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When the young of a recovered mother are permitted to nurse upon her for a period of 10 days and are then removed and placed to nurse upon a normal foster mother, they continue to show some degree of resistance for some time. Tested after nursing upon the normal foster mother for 5 days (tenth to fifteenth day), the young show an immunity about equal to that possessed by their littermates which were left with the immune mother. When tested after nursing upon the normal foster mother for a period of 10 days (tenth to twentieth day), the young still show evidence of the persistence of immunity, although an occasional animal may fail to do so and succumb to the infection. "When tested after 15 days (tenth to twentyfifth day), however, only very little immunity appears to be present.
It would appear from these observations that the immunity conferred upon the young is of a passive nature and is, moreover, only temporary. Immunity apparently persists for at least 10 days after the removal of the young from the immune mother, and possibly somewhat longer. If, as it will later be demonstrated, this transfer of immunity takes place through the milk of the immune mother, animals nursing upon these immune mothers for a period of 24 to 28 days may show a longer persistence of immunity than those animals nursing upon an immune mother for only 10 days.
The route of transmission of immunity
against Trypanosoma cruzi from recovered mother rats to their young The demonstration that the young of mother rats actively immunized by recovery from a previous infection are also relatively insusceptible naturally leads one to seek the route whereby this immunity is transferred from parent to offspring. The passive immunity acquired by the young can be obtained by only one or both of two routes, either through the placenta while in utero, or through the colostrum alone, or through the colostrum and the milk after birth. It was therefore necessary to remove several young of a litter born of an immune mother immediately after birth and place them with a normal foster mother in order to test for any placental transfer. It was, of course, essential that in no case were the young to be permitted to nurse upon the immune mother. In order to test for the passage of protective substances through the milk, it was important that the young born of a normal mother be placed with an immune foster mother immediately after the delivery of a litter by the latter in order that the normal young be given an opportunity to ingest the maximum amount of colostrum as well as the milk. No difficulty was encountered in these exchanges, the foster mothers in all cases readily accepting the young placed with them.
A. The transfer of protective substances through the placenta of mother rats actively immunized by recovery from infection with Trypanosoma cruzi. For this experiment six litters, each with eight to ten young were used, of which three (201, 205, and 217) were born of recovered mothers. In each case several animals of the litter were placed immediately after birth to nurse upon a normal foster mother. Of litter 201, five were placed to nurse upon normal foster mother 200. Four hours after this change was effected, two of the young were infected. These animals proved to be highly susceptible. At the same time two litter mates which were left to nurse upon the immune mother were also infected and found to be relatively resistant. The three remaining young of immune mother 201, which were placed at birth to nurse upon normal mother 200, were tested at 20 days of age. These animals were also found to be highly susceptible. Immune young of litter 201 which were left with the immune mother were similarly infected at this time and found to be somewhat resistant.
Immediately after the birth of litter 205, five of the nine young were placed with a normal mother. They were infected at 12 days of age and found to be as susceptible to infection as normal con-
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trols of the same age. A similar exchange of four of the eight young of litter 217 was effected. When tested at 10 days of age these animals, too, were susceptible (table 2) . In both cases, the young left to nurse upon the immune mothers were somewhat resistant. It would appear from these data that the placental transfer of the protective substances against Trypanosoma cruzi from recovered mother rats to their offspring does not occur under the conditions of this experiment. It must be pointed out, however, that placentally acquired immunity may be of a transient nature. Nevertheless, since it has already been demonstrated that the passive immunity of the young persists for at least 10 days, some evidence of the presence of this immunity might be expected after 4 hours, 10 days or even 12 days. The fact that no evidence for this was found might indicate that either placental transmission does not occur or, what might seem more probable, that the amount of antibody transferred placentally is insufficient to afford the young any measure of experimentally demonstrable protection.
B. The transfer of protective substances through the colostrum and milk of recovered mothers. In contrast to the above findings, it can be demonstrated that when the young are permitted to remain with and nurse upon the immune mothers, they become resistant. This would indicate that the immunity of the young is acquired after birth and necessarily, therefore, through the colostrum and milk. In order to demonstrate that the transmission of protective substances occurs through the colostrum and milk, the following experiments were performed.
Of six large litters, three were born of normal rats (200, 216, and 219). About one hour after birth, six of the eleven young of litter 200 were placed with an immune mother (201) which delivered a litter at that time. The animals were left to nurse upon the immune foster mother for 20 days and were then infected. They were found to be partially resistant, while littermates left with the normal mother were susceptible. Similarly, members of litters 216 and 219 were placed with recently delivered immune mothers and permitted to nurse upon them for 12 and 10 days respectively. In both cases all animals, from both normal and immune mothers, nursing upon the immune foster mothers were partially resistant while littermate controls succumbed to the infection (table 2) .
It is clear from these observations that the passive immunity of the young of actively immunized mothers is transmitted by the passage of protective substances through the colostrum and milk, and that this immunity is acquired by the young after birth. Furthermore, these data indicate that young born of normal mothers but nursing upon immune foster mother rats are also resistant. It would thus appear that under the conditions of these experiments the protective substances against Trypanosoma cruzi are transmitted from actively immunized mother rats to their young almost entirely by way of the colostrum and milk.
1. The presence of protective substances against T. cruzi in the milk of actively immune mother rats at various periods during lactation. Having demonstrated that protective substances against Trypanosoma cruzi are transmitted almost entirely through the milk in quantities sufficient to protect young rats from fatal infections with this parasite, it then became necessary to determine whether these antibodies were present in the colostrum alone, in the See. C milk alone, or in both. For this experiment six litters were used, of which three were born of normal mothers (260, 271, 222). Promptly after birth, four young of litter 260 were placed with an actively immune mother rat (261) which had just delivered an immune litter of six. Twenty-four hours later the young were infected and subsequently found to be partially resistant. A litter of eleven young was produced by normal mother 271. At 10 days of age six young were placed with immune mother 272 which had also delivered a litter of seven young 10 days before. When infected 24 hours later these young were also found to be resistant. Similarly, five of a litter of ten young delivered by normal mother 222 were placed at 20 days of age with immune mother 223, 20 days after the latter had delivered a litter of six. Twenty-four hours later these, too, were infected and four of the five young showed definite evidence of having acquired from the foster mother some protective substances. One of the five succumbed to an infection comparable in intensity to those found in the normal control animals (table 3 ). In the surviving animals the infection was somewhat more intense than is normally seen in either immune young or in normal young nursing upon an immune mother. This was probably due in part to the fact that 4 days after infection (25 days of age) the young were weaned and thereby deprived of their supply of protective substances. The increase in the number of trypanosomes is not surprising in view of the fact that the withdrawal of specific antiserum against Trypanosoma cruzi permits a relapse soon after the last of the serum injections has been given (6).
The results of this experiment definitely point out that the protective substances are present not only in the colostrum of mother rats actively immunized against Trypanosoma cruzi but that these antibodies are also present in the milk until at least 20 days post partum and probably throughout the entire period of normal lactation.
2. The permeability of the intestines of normal young rats of nursing age to protective substances against Trypanosoma cruzi in the milk of actively immune mother rats. In the previous experiment it was shown that protective substances against T. cruzi are present not only in the colostrum but also in the milk of actively immune mothers for at least 20 days and probably longer. The ability of the young of different nursing ages to absorb these substances through the intestine is also demonstrated in table 3, for here it is shown that normal young placed at birth, at 10 days, or at 20 days of age with an actively immune mother can absorb sufficient protective substances to protect them (with the one exception in the 20-day group) from a fatal infection.
It is therefore indicated that the intestines of normal suckling rats remain permeable to the protective substances in the milk of actively immune mothers for as long as 20 days after birth, or, for all practical purposes, throughout the suckling period. Thus it would appear that the immunity of the young is due to the continual absorption of protective substances present in the milk throughout the normal period of lactation.
C. The presence of protective antibody against T. cruzi in the serum of actively immunized mother rats and in the serum of immune and normal young nursing upon these immune mothers.
It seemed desirable to demonstrate the presence of the protective antibdy not only in the serum of the actively immune mother, but also in the serum of both immune and normal young nursing upon her. Accordingly, six young of immune litter 228 were exchanged with six young of normal litter 230 promptly after birth. Several of her own young were left with each mother. Twentyfive days later all animals were bled by cardiac puncture and the sera of each group were pooled. Twenty-one young rats 10 days of age were divided into seven groups of three animals each. To six of these groups, the following sera were administered intraperitoneally: group I, the serum of an actively immune mother; group II, the pooled sera of immune young nursing upon an immune mother; group III, the pooled sera of normal young nursing upon an immune mother; group IV, the pooled sera of immune young nursing upon a normal mother; group V, the serum of a normal mother; group VI, the pooled sera of normal young nursing upon a normal mother. Group VII received no serum (control). One hour after the intraperitoneal administration of 0.75 cc of these sera all 21 animals were infected. The same sera were administered in 0.5 cc quantities on the second, fourth and sixth days after infection.
Definite evidence for the presence of protective antibody in the serum of the immune mother and of her own and normal foster young is presented in table 4. The fact that all animals suf- 
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* All sera were administered intraperitoneally. One hour before infection 0.75 cc was administered, followed by 0.5 cc each on the second, fourth, and gp sixth days after infection.
" t All animals were 10 days of age when infected.
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fered some grade of infection despite the administration of a serum containing specific antibodies is to be expected since the injection of a high-titer serum prophylactically does not completely prevent infection with the parasite but generally permits development of only a low-grade or abortive type of infection (6). The animals which received serum taken from the young nursing upon the immune mother suffered a more intense infection than did those animals which received the serum from that mother. This may be explained simply on the basis of the dilution of antibody, for the first group received serum once removed from the original source while the latter received serum directly from the immune mother. Furthermore, those animals receiving serum taken from the young born of an immune mother but nursing upon a normal foster mother were as susceptible to infection as were the controls; i.e., there was no demonstrable protective antibody in these animals. These observations demonstrate the presence of this antibody in the sera of both immune and normal young nursing upon actively immunized mothers.
Some factors affecting the immunity against experimental trypanosomiasis (T. cruzi) transmitted from recovered mother rats to their offspring
The passive immunity transferred from a recovered mother rat to her offspring is rarely complete. The degree of immunity so transferred is sufficient, nevertheless, to protect the young from a usually fatal issue and, as a rule, to produce a milder, aborted course of infection. It must be pointed out, however, that the degree of this immunity is not constant in all cases and depends, to some extent, upon certain experimental conditions.
A. The effect of the number of young in a litter upon the degree of immunity possessed by the young born of immune mothers.
In a previous experiment two normal litter mate females were infected with Trypanosoma cruzi. Both animals suffered essentially similar infections. Eight days after complete recovery (as indicated by four, consecutive, negative examinations of the peripheral blood) both animals were placed in a mating cage with a normal litter mate male. Thirty days after the last negative examination, animal 191 delivered a litter of eleven young; 3 days later animal 190 delivered a litter of three young. Both litters were infected at 10 days of age. A study of the intensity of the infection in the respective litters at once indicated the fact that the smaller litter (190) appeared to be better protected as evidenced by the extraordinarily mild infection. The larger litter (191) was also, to some extent, protected, but in this case the intensity of the infection of these animals was definitely greater and, of the eleven young, two succumbed to the infection (table 5) . Litters of other immune mothers similarly tested substantiated these findings. It would thus appear that the number of young in a litter definitely influences the degree of immunity acquired by each member of that litter.
In general it may be concluded that, all other factors being equal, the fewer the young in any litter, the greater will be the immunity acquired by the members of that litter.
In view of the demonstration that the passive immunity of the young is acquired almost entirely by way of the milk ingested from the immune mothers, this relation appears quite plausible. It would seem to depend upon the quantitative intake of the milk and of the (274 and 275) were infected with a suspension of T. cruzi. At the same time two adult females, 78 days of age (286 and 287) were also infected with proportionate amounts of the same suspension. In the younger animals the intensity of the infection was decidedly greater, the number of trypanosomes counted in fifty high-dry fields on the day of maximum infection being in both cases more than 200. The patent period in this group was about 20 days. In contrast to this, the infection in the older animals (286 and 287) was definitely of a low grade for at no time were more than seven trypanosomes counted in fifty high-dry fields. In these animals, the patent period was only about 8 days. Ten days after recovery of each group the animals were mated, and the young born of these matings were tested in the usual manner at 10 days of age.
Data indicating that the degree of immunity possessed by the young born of mother rats after recovery from infection with T. cruzi varies inversely with the number of young in the litter
It was observed that the infection in the litters produced by the younger, more heavily infected mothers (274 and 275) was slightly, but consistently, less intense than were the infections in the litters produced by the older, less heavily infected mothers (286 and 287). The differences, however, were not very striking. Nevertheless, the consistently lower intensities of the infections in the young produced by mothers which had suffered moderately heavy infections seem to be significant. If a conclusion may be drawn from so few experimental data, that conclusion must be that the intensity of the infection suffered by the mother rat is reflected in the degree of immunity possessed by her young.
C. The effect of the length of the time interval between the recovery of the mother and the birth of the young upon the degree of immunity of the young. It may be well to point out what may be an additional factor affecting the degree of immunity in the young of recovered mother rats; namely, that the degree of immunity possessed by the young is also affected by the length of the time interval between the recovery of the mother and the birth of the young. No experiments were performed to measure these carefully. It was observed during the course of these investigations, however, that litters born of recently recovered mothers appeared to be more resistant than were subsequent litters of about equal size born of these same mothers.
Obviously no conclusions can be drawn from these observations, but it would not be unreasonable to feel that the ability to confer immunity upon the young diminishes with time, especially in view of the fact that the passive transfer of this immunity depends upon the transmission of the circulating antibody of the recovered mother through her milk.
Immunity against Trypanosoma cruzi in the offspring of passively immunized mother rats A. The transmission of immunity from passively immunized mother rats to their young. Immediately after the birth of a litter of eleven young to a normal albino mother rat (no. 237), three of the young were removed and placed with a normal foster mother (no. 238). Normal mother no. 237 was then passively immunized by the daily intraperitoneal administration of 5.0 cc of specific rat antiserum 3 for a period of 10 days, and on alternate days thereafter for another period of 10 days. A total of 75 cc of specific rat antiserum was thus administered. Three days after the first administration of specific antiserum the young were infected. At the same time the three young born of this mother rat but removed to a foster mother prior to the administration of the antiserum were also infected to serve as normal littermate control animals.
In table 6 it will be seen that the young nursing upon the normal foster mother were highly susceptible to infection with this parasite and suffered an intense and fatal infection characteristically observed in very young rats (10a). These young were removed from the mother before antiserum was administered. On the other hand, the eight young left to nurse upon this mother after she received the antiserum suffered only a mild infection. With one exception (no. 8) all rats survived.
It may thus be concluded that mother rats passively immunized with specific homologous antiserum against Trypanosotna cruzi can transfer these immune substances to their young. B. The route by which the passive immunity of mother rats is transferred to their young. The following experiment was performed in order to determine 3 The antiserum was obtained by bleeding (intracardiae puncture) young adult albino rats recently recovered from infection with Trypanosoma cruzi. The sera obtained from ten rats were pooled. Such sera have been shown to contain specific protective antibodies against Trypanosoma cruzi (6). whether the route by which protective antibodies passively acquired by mother rats are transferred to their young is the same as that by which these or similar substances are transmitted by actively immune mothers. A normal albino mother rat (no. 239) was passively immunized with 5.0 cc of specific rat antiserum daily from the seventeenth to twentieth days of pregnancy. A total of 20 cc of specific antiserum was thus administered. In this experiment, the antiserum was injected intramuscularly into the thigh muscles to prevent any possible injury to, or injection into, the uterine wall or fetal structures which might result from intraperitoneal punctures. The passively immunized mother rat (no. 239) delivered a litter of seven young on the twenty-first day of pregnancy. Four of the young were immediately removed and placed with a normal foster mother (no. 240) which had delivered a litter of six young approximately 18 hours before. Four of the young born to the normal foster mother (no. 240) were placed with a passively immunized mother (no. 239) to nurse, replacing the four young taken from her. Twenty-four hours later, at 1 day of age, the young of both litters were infected.
The results of this experiment are found in table 7. It can be seen that the four young (no. 1 to 4) born of the passively immunized mother rat but removed immediately after birth to nurse upon a normal foster mother were wholly susceptible to infection, suffering an infection equally as intense as that observed in the young (no. 12 and 13) born of, and nursing upon, the normal mother (no. 240). All these animals succumbed to the infection. In contrast to these, the young (no. 5 to 7) born of the passively immunized mother which were permitted to remain and nurse upon her were partially resistant to infection with this parasite, as were also the young (no. 8 to 11) born of a normal mother (no. 240) but nursing upon this passively immunized mother. From these data, it may be concluded that the specific antibodies against Trypanosorna cruzi do not pass the placenta! barrier of the rat in quantities sufficient to protect demonstrably the young born of passively immunized mothers. That these protective antibodies are transmitted to the young by way of the colostrum and milk, however, is demonstrated by the fact that this passively immunized mother can confer some degree of protection upon the young nursing upon her.
The specificity of the immunity transmitted to the young by mother rats recovered from experimental
Trypanosoma cruzi infections In order to demonstrate the specificity of the temporary, passive immunity acquired by the young from mother rats recovered from infections with T. cruzi, the following experiment was performed in which the closely related trypanosome, T. lewisi, was employed. Five members of a litter of ten young of mother no. 214 recovered from an infection with T. cruzi were infected at 10 days of age with T. lewisi; the five remaining members were infected with T. cruzi. Subsequent examinations of these animals revealed an intense infection with T. lewisi characteristic of normal young of this age (7) in all five members of this group. All animals succumbed. In the group infected with T. cruzi all animals were relatively immune, showing characteristically low grade infections generally seen in the young of recovered mothers. All animals of this group survived (table 8) .
It may, therefore, be concluded that the immunity against T. cruzi conferred by actively immune mother rats upon their young is at least so specific that it does not protect these young against an infection with a closely related trypanosome, T. lewisi. Recently reported experiments by Culbertson and Kolodny (6) with passive protection by the specific antisera have similarly indicated the immunological specificity of the antibodies against these closely related trypanosomes.
DISCUSSION
The transfer of protective antibodies from mother rats to their young has previously been clearly demonstrated by Culbertson (5a) (5b) who used Trypanosoma lewisi, a form closely related to Trypanosoma cruzi. The observations herein reported substantiate in almost all respects the detailed findings of this worker. With both parasites, recovery from infection leaves the mother rat with circulating antibodies which are transmissible to her young but, whereas the immunity acquired by the young against T. cruzi is rarely sufficient to protect them completely, the immunity against T. lewisi may be completely effective in preventing an infection with this parasite. In both cases, moreover, the immunity of the young is of a passive nature, temporary, and specific, and is acquired by the ingestion and subsequent absorption of the specific antibodies from both the colostrum and milk of immune mother rats.
However, in the case of T. cruzi no experimentally demonstrable evidence could be found for the placental transmission of the specific antibody. Culbertson reported that some placental transmission of antibody against T. lewisi does, under certain optimum conditions, take place. Yet from a con-
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TABLE 8
The specificity of immunity against Trypanosoma cruzi transmitted from mother rats to their offspring f Infected at 10 days of age.
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aderation of all his data this investigator concludes that "evidence is provided . . . that a greater amount of protective antibody is transferred to the young through nursing upon an immune mother for 1 or 2 days than through residence in the uterus of this immune mother during the entire gestation period.'' It might be added that, previously, Boucek (1) studied the placental permeability of the white rat and 'reported that hemolysins against guinea pig erythrocytes prepared in rats before pregnancy were not passed to subsequent litters, the placenta of the rat acting as an effective barrier to these antibodies.
Mother rats passively immunized against T. lewisi have also been shown by Culbertson (5b) to be able to transmit the protective antibodies to young nursing upon them. In a similar manner passively immunized mother rats can transmit protective antibodies against T. cruzi to their nursing young, the route of transmission in this case also being through the colostrum and milk. Here again no evidence could be found for the placental passage of protective antibodies in quantities sufficient to afford the young any measure of demonstrable resistance. There is, thus, strong evidence that the colostrum and milk is by far the more important route of transmission of the types of protective antibodies here considered, from either actively or passively immune mother rats to both their own and normal young nursing upon them.
It should be noted that the rat possesses a hemochorial type of placenta (12) . Among the hemochorial animals (guinea pig, rabbit, cat, rat and mouse, primates, and man) the passage of antibodies from immune mothers to their offspring is presumed to take place, for the most part, through the placenta, while very few, if any, pass through the colostrum and milk (8, 12, 13a, 13b, 13c, 14, 16) . It is of interest, therefore, to note from these experiments upon trypanosome infections, that the rat, a hemochorial mammal, appears to be an exception to the accepted rule, for it has been demonstrated, first by Culbertson and confirmed in these observations, that young rats can acquire a passive immunity by the ingestion and subsequent absorption of a specific antibody from the milk of an immune mother. As conclusive evidence that the milk, rather than the placenta, is the more important route of transmission of immunity to these infections in the rat, the fact can be pointed out that normal nursling rats suckled by immune mothers promptly acquire demonstrable antibodies in their blood and manifest thereafter for a significant interval an immunity sufficient to protect them from a fatal infection.
SUMMARY AND CONCLUSIONS
Mother rats actively immunized against Trypanosoma cruzi by recovery from infection with this parasite produce circulating protective antibodies which are transmitted to their offspring. In contrast to the recognized route of transmission in other hemoehorial mammals, the transfer takes place principally by way of the colostrum and milk. This is indicated by the fact that normal young nursing upon immune foster mothers acquire an immunity about equal to that possessed by the young of immune mothers. Under the conditions of these experiments no evidence for placental transfer of antibodies could be found, as evidenced by the fact that the young born of immune mothers but placed immediately after birth to nurse upon a normal foster mother were just as susceptible to infection with this parasite when tested at 4 hours, 1 day, 10 days, 12 days, and 20 days of age as were normal control animals of the same age.
Mother rats passively immunized by the injection of specific rat antiserum against Trypanosoma cruzi are also able to transmit these protective antibodies to their young. These antibodies, sufficient in quantity to confer a high, though incomplete, degree of protection upon the young, are transmitted to them through the colostrum and milk. The placental barrier of the rat does not permit the passage of sufficient quantities of the antibodies to afford the young any measure of demonstrable resistance to infection with the homologous parasite.
On the basis of these observations, it is suggested that the rat differs from other hemochorial mammals in that the principal route by which the type of protective antibody here considered is transferred from mother to offspring is through the colostrum and milk.
The passive immunity acquired by young rats through the ingestion of milk from the immune mother and the absorption of antibodies therefrom is not sufficient to protect completely these animals from an infection with T. cruzi but will produce a mild and abortive infection and will generally prevent an otherwise fatal outcome.
The immunity conferred upon the young by actively immune mothers is only temporary, and is demonstrable for at least 10 days after weaning. It decreases rapidly after that time.
Protective antibodies are present not only in the colostrum but also in the milk throughout the normal period of lactation (20 to 25 days). The intestines of the young are permeable to these antibodies for about 20 days after birth.
Protective antibodies can be demonstrated in the serum of the immune mother, and in the sera of immune and normal young nursing upon her. No antibodies demonstrable by protection tests were found in the sera of young born of immune mothers but nursing upon normal foster mothers for 25 days.
The number of young in a litter definitely influences the degree of immunity acquired by each member of that litter. In general it may be said that the smaller the number of young in the litter, the greater will be the immunity acquired by each.
It is suggested that the intensity of the infection suffered by the mother rat is reflected in the degree of immunity manifested by her young. It is also suggested that the ability of the immune mother to confer immunity upon the young diminishes with time after her recovery.
The immunity against Trypanosoma cruzi conferred by actively immune mother rats upon their young is specific. It affords the young no protection against a closely related trypanosome, T. lewisi.
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